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Digital Design and Fabrication of an Atmospheric Aerosol Impactor 
Using a Formlabs Form 2 SLA 3D Printer 
 
Stefan J. Vincent, Concordia University, Portland, OR 
Math and Science Department, Concordia University, Portland, OR 
 
 
ABSTRACT 
 
Atmospheric aerosol (AA) particles are defined as solid or liquid particles suspended in 
the air. AA particles smaller than 10 µm in diameter are small enough to bypass the upper 
respiratory system which functions as a filter for harmful substances entering the lungs. 
AA particles can be collected using a device called an aerosol impactor. After collection, 
the particles can be analyzed offline for chemical composition using a variety of 
analytical techniques. The weight of a commercially manufactured AA particle impactor 
poses an issue if attached to a mobile AA particle sampling platform such as an 
unmanned aerial vehicle (UAV). In this study a lightweight plastic AA impactor is 
designed and fabricated using Autodesk AutoCAD 2016 and a Formlabs Form 2 SLA 3-D 
printer. 
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INTRODUCTION 
Aerosols  
The term aerosol refers to the suspension of solid or liquid particles in a gaseous 
medium. Progressing from this description, gas-borne particulate matter (PM) is the 
extensively used terminology utilized throughout a substantial portion of aerosol science. 
Recent interest in the understanding of physical and chemical characterization of PM in 
the sub-micrometer (1 µm = 1x10-6 m) range has heightened due to health concerns.1 
Several applications stemming from such an understanding range anywhere from air 
quality assessment and the control of particulate emissions, to epidemiological studies 
and drug-delivery systems.1  
Bioaerosols, which contain airborne microorganisms, form a significant portion of 
atmospheric aerosols (AA) and can spread rapidly.2 Studies have been conducted that 
show contributions of bioaerosols to adverse public health outcomes, including but not 
limited to, allergies, acute toxic affects, and infectious diseases.3, 4 Because fine 
bioaerosols are able to remain airborne for significant periods of time, they can easily be 
inhaled into the respiratory system. 5, 6 Early and effective detection of airborne 
microorganisms has become an increasingly recognized safeguard.7 
Understanding mechanisms through which PM deposition in the lungs occurs is 
critical for managing the safety 
of various aerosols. At 
aerodynamic diameters up to 20 
µm, as much as 10% of PM 
could potentially enter the 
respiratory tract, with this 
percentage increasing with 
smaller PM sizes.8 Particles with 
diameters < 10 µm (PM10) are 
considered respirable, meaning 
they can bypass the upper 
respiratory system—which acts 
as a filter for larger particles—
and be inhaled below the 
nasopharynx area (nose and 
mouth). PM2.5 is readily able to 
travel below the 
tracheobronchial region and enter 
the lungs.9 General regions of the 
human respiratory system are 
displayed in Figure 1.  
Figure 1: Basic anatomy of human respiratory system. 
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In the case of nasal products, the Food and Drug Administration (FDA) requires 
evidence that any nasal preparation does not penetrate the lungs.10 Current protocols do 
not completely rule out preparations entering the lower respiratory tract. As a result, there 
is a potential for delivery to a site deviating from the route of administration, resulting in 
potential toxicity.11 Significant pulmonary deposition can occur for nasal preparations 
that have large quantities of particles with small diameters (<5 µm). In vitro methods 
used to characterize such respirable particles are relatively limited do to the fixed 
environment and do not account for the full range of sizes that could feasibly enter the 
lungs. A technique commonly performed to satisfy requirements put in place by the FDA 
is radionucleotide imaging, which indicates any deposition in the nasal cavity and 
absence of such particles in the lungs.12  
 The characterization of PM in ambient air is critical for identifying air quality 
issues in various areas. Harmful pollutants and their sources can be discovered through 
AA sampling in addition to the quantification of relative contributions of such 
contaminants to overall air quality.1 The various instrumentation used for size-specific 
measurements of PM utilizes varying operating principles, resulting in a discrepancy in 
corresponding levels of precision. Instruments based on optics (light) principles can size 
and count particles >0.09 µm in diameter in real-time. Instruments based on electrical 
mobility of particles can size and count particles up to 0.003 µm in near real-time. 
Instruments based on inertial principles such as cascade impactors are able to measure up 
to half an order of magnitude smaller than the optical instruments (~.056 µm). 
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Aerosol Impactors 
Aerosol impactors are governed by 
inertial principles. Systems reliant on 
inertial effects provide a simple and 
effective mode of sampling and particle 
size classification.7 Aerosol-containing 
working fluid (air stream) is directed 
toward a flat impaction plate by a 
nozzle, and the working fluid is 
deflected around the edges of the plate 
towards an outlet. Particles larger than 
the specific threshold, or cut point, have 
sufficient inertia to go through the 
working fluid streamline and impinge 
on the impaction plate. Particles smaller 
than the specified cut point follow the 
airstream more closely and remain 
suspended in the working fluid. Figure 2 
offers a schematic representation of this 
process—the red circles represent PM, 
with the blue arrows representing the 
working fluid. Cascade impactors are a 
form of inertial impactor in which there 
are multiple impaction plates stacked 
within a housing manifold. The 
dimensions of each piece can be adjusted 
to progressively collect incrementally 
smaller or larger sized particles.  
 
Impactor Design 
The performance of an impactor can be predicted with substantial accuracy, assuming 
that design criteria, which have been numerically developed and experimentally proven, 
are obeyed. Charts have been developed to aid in the design of round impaction stages. 
The most important characteristic of an impactor stage is the collection efficiency curve, 
which indicates the percentage of particles collected of any specified particle size as a 
function of the particle size.14 The parameter that governs the impaction of particles 
accelerated through a nozzle is the Stoke number (St)7:  
 
Figure 2: Schematic of cascade impactor. Adapted 
from Lagzi et al.13 
𝑆𝑡 = 𝜌𝑑!!𝐶!𝑉9𝜇𝑊  Equation 1 
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where ρ is the density of the particle, dp the diameter of the particle, , Cc the Cunningham 
slip correction factor, V the average nozzle exit velocity, µ the viscosity of the flow 
medium, and W the diameter of the nozzle.14 Other design parameters include the 
Reynolds number (Re)7: 
 
where ρa is the air density, and Dh is the hydraulic diameter of the nozzle.1 Marple 
recommends that the nozzle (jet)-to-plate distance (S) for impactors having a round 
nozzle should be larger than 0.5 times the nozzle diameter (W), and that Re should be 
roughly 3000 for sharp cutoffs.16 A study of the effect of the S/W ratio on the efficiency 
curve showed that the 50% cutoff size √St50 (the value of √St where the collection 
efficiency E = 50%) was strongly dependent upon S/W for S/W < 0.5 for round 
impactors. As a design criteria, the 
value of S/W  = 1.0 should be the 
minimum jet-to-plate distance used for 
round impactors.17 Accounting for 
nozzle length (T), T/W was found to 
have minimal influence on cutoff 
characteristics, especially in the case 
of an impactor with a conical or 
tapered inlet, as seen in Figure 3. 
Thus, if possible, the entrance nozzle 
of an impactor should be conical or 
tapered, and the throat of the nozzle 
should be of constant diameter for T/W 
≥ 1.0.17 Mercer18 indicates that for a 
round-nozzle impactor, the collection efficiency stabilizes around S = 1.5W. Goyal et al.1 
suggests that for a cutoff diameter of 2.5 µm, at a flow rate of 6 L/min, the nozzle 
diameter should be 2.8 mm. 
 
 
 
 
 
 
 
 
 
Figure 3: Streamlines and particle trajectories for a 
typical impactor.14 
𝑅𝑒 = 𝜌!𝑉𝐷!𝜇  Equation 2  
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3D Printing 
Advancements in 3D printing have 
made it possible to rapidly create 
high-resolution models and 
prototypes. Stereolithography (SLA) 
is a form of 3D printing technology 
that creates models layer-by-layer 
through the use of 
photopolymerization, a method that 
causes chains of molecules to link 
and form polymers through the use 
of light.19 In his application 
submitted to the US patent office in 
198419, Charles Hull stated: 
“‘Stereolithography’ is a method 
and apparatus for making solid 
objects by successively ‘printing’ 
thin layers of a curable material, 
e.g., a UV curable material, one on 
top of the other. A programmed 
movable spot beam of UV light 
shining on a surface or layer of UV 
curable liquid is used to form a solid 
cross-section of the object at the 
surface of the liquid. The object is then 
moved, in a programmed manner, 
away from the liquid surface by the 
thickness of one layer, and the next 
cross-section is then formed and 
adhered to the immediately preceding 
layer defining the object. This process 
is continued until the entire object is formed.”  
 In cooperation with Computer Aided Design (CAD), or Computer Aided 
Manufacturing (CAM) software, a UV (ultraviolet) laser is used to trace a pre-
programmed design on to the surface of the photopolymer vat. Due to photopolymer UV 
sensitivity, the resin is photochemically solidified and forms a single layer of the desired 
object. 
 The Formlabs Form 2 SLA 3D printer is capable of printing with a resolution of 
25 µm. In 3D printing, the term “resolution” refers to the thickness of each layer 
contributing to the overall structure. The Form 2 is a relatively economical (<$5,000) 
Figure 4: Schematic representation of 
Stereolithography: a light-emitting device (laser) a) 
selectively illuminates the transparent bottom c) of a 
tank b) filled with a liquid photo-polymerizing 
resin. The solidified resin d) is progressively 
dragged up by a lifting platform e). 20 
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desktop 3D printer, which can be used to accessibly produce accurate models. The Form 
2 is quite versatile, allowing for the production of models with varying physical 
properties that are dependent on resin selection. Formlabs21 describes the mechanism 
through which their printer operates as a high-powered laser being guided by custom 
galvanometers creating each layer with exceptional detail. A sliding peel mechanism then 
gently removes the part from the print bed while a wiper glides across the optical 
window. A responsive heating system continuously warms the resin to a consistent 
temperature to create a reliable print process, producing precise parts without sacrificing 
speed.  
 The recent advancements in 3D printing technology, which are exemplified in the 
Form 2 SLA 3D printer produced by Formlabs, have made it possible to produce precise, 
lightweight working prototypes. This technology could be applied to the development of 
an aerosol impactor. 
 
Application of New Technologies 
Typically, stationary monitoring stations located at ground-based sites are utilized to 
collect PM onto filters. The collected AA particles can then be analyzed for chemical 
composition via a suite of analytical techniques. This method is very useful, but particles 
in many areas are uncharacterized due to the lack of monitoring stations. The stationary 
monitoring stations provide important data concerning harmful AA particle levels in local 
areas, but they may not be able to pinpoint all unsafe emission sources. One solution to 
this problem is to utilize a mobile AA particle collection system. A relatively inexpensive 
civilian Unmanned Aerial Vehicle (UAV) could be utilized to sample AA particles near 
previously uncharacterized emission sources. Commercial cascade impactors are 
generally large and constructed out of stainless steel, resulting in heavy, uneconomical 
profiles. Although they are very effective, this large size and weight reduces their 
portability and applicability.7 A fabricated, lightweight impactor could ameliorate these 
shortcomings and allow for increased versatility. 
Recent technological advancements can be applied to the development of an AA 
aerosol impactor. Evolutions in 3D printing technologies allow for the precise fabrication 
of accurate dimensions (i.e., inlet width, inlet length, inlet to collection plate length) 
suitable for sampling stages of an AA impactor. 3D printing technology could prove 
extremely useful in the field of AA sampling through the fabrication of a lightweight, 
economical AA impactor.  
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METHODS 
Impactor Design & Fabrication 
The program chosen for design fabrication was Autodesk AutoCAD 2016. Designs were 
developed based on critical measurements provided in the literature. 1 7 14 16 17 18 Specific 
dimensions of each piece can be found in Appendix B. Initial trials of fabrication were 
performed using a MakerBot (MakerBot Industries. Brooklyn, NY) Replicator Desktop 
3D printer, which has a maximum resolution of 100 µm. CAD designs developed on 
Autodesk AutoCAD 2016 were exported as “.stl” (stereolithography) files and converted 
to “.makerbot” files, the compatible format for all MakerBot printers. Typical print time 
ranged from 2-4 hours, depending on particular file.  
Following several trials using the MakerBot Replicator, a Formlabs (Formlabs 
Inc. Somerville, MA) Form 2 SLA Desktop 3D printer was purchased and used for 
subsequent trials. The Form 2 has a maximum resolution of 25 µm, 4x the precision of 
the MakerBot Replicator. CAD designs were exported as .stl files to PreForm, an 
application developed by Formlabs effectively acting as the command center for all prints 
associated with Formlabs printers. Print times ranged from 2-24+ hours. Prints were 
washed via Form Wash, a circulating isopropyl alcohol (IPA) bath used to precisely 
agitate pieces and remove any uncured resin from print surfaces. Formlabs suggests IPA 
concentration be ≥ 90%. 99% IPA was used for all post-print washing procedures. Wash 
time was determined based on guidelines outlined by Formlabs.22 To attain proper 
mechanical properties of each resin, additional UV curing was done via Form Cure, a 
heated, rotating UV chamber. Temperature and cure times were determined based on 
guidelines outlined by Formlabs.23 
 
Test Aerosol Setup 
The experimental setup is shown in Figure 5. Test aerosols were generated using a 4-jet 
Blaustein Atomizer (BLAM). Several stock NaCl solutions (5 g/L; 40 g/L; 300 g/L) were 
prepared for particle formation. The BLAM (B) was filled with approximately 50 mL of 
desired NaCl solution prior to compressed air (N2) being pumped through at 4 L/min. 
Emitted particles entered a diffusion dryer (DD) filled with a cobalt (II) chloride 
desiccant. Additional N2 (3-4 L/min) was added to the airstream containing dried NaCl 
particles to meet impactor flow requirements. A vacuum pump (V) pulled necessary flow 
rates through the impactor. Flow rates were closely monitored with a TSI 4146 calibrator 
and controlled via flow regulators (M).  Excess flow (~ 1 L/min) was expelled in order to 
prevent a closed system. Particle formation and subsequent collection were performed for 
durations of 30 minutes. 
 
Particle Characterization & Impactor Calibration  
Successful trials were performed in Boulder, CO at the University of Colorado’s 
atmospheric chemistry laboratory. The various stock NaCl solutions were tested against a 
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Sierra 210 Series Cascade Impactor to determine particle size distributions. Prior to each 
run, utilized filter paper was desiccated in a cobalt (II) chloride desiccant for ≥ 24 hours 
and subsequently weighed via microbalance. Each filter’s weight and relevant stage was 
recorded before and after each trial. Maintaining 4 L/min to the BLAM, flow rates were 
adjusted to reach 7 L/min to the commercial impactor. To aid in meeting flow 
requirements, 2 stages with irrelevant size cutoffs were removed from the Sierra 210 
Series Impactor.  Duration of particle collection was 30 minutes. Identical procedure was 
observed for the fabricated prototype at 6 L/min and results were compared with the 
commercial impactor for reference to discern size cutoff of the fabricated stage.  
 Following particle collection, each filter was weighed to account for deposited 
particles. Mass difference was calculated by deducting filter weight prior to exposure to 
AAs from weight following exposure (Post-Pre). Stages 1 and 2 were omitted from 
relevant calculations due to irrelevant size range and loss of mass. Emitted particle 
diameters were determined through referencing characterized cutoff values for the 
commercial impactor and calculating cumulative mass percentages. Cumulative mass 
percent at each stage was calculated by dividing the total weight of the specified stage 
and those preceding it numerically, by the total mass collected across all stages. Cutoff 
sizes were plotted with cumulative mass percentages to create a calibration curve for 
various concentrations of NaCl. Mass median aerodynamic diameter (MMAD) was 
marked at 50% cumulative mass.  
 Figure 5: Schematic of experimental setup. 
N2 = Nitrogen Tank ; DD = Diffusion Dryer ; M = Flow Meter ; AI = Aerosol Impactor ; 
B = BLAM ; V = Vacuum Pump. 
AI M V
M
B
M
DD
2N
4 L/min
4 L/min
1 L/min
Excess Flow
7 L/min
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RESULTS 
Impactor Design & Fabrication 
CAD renderings of various impactor components are displayed in Figure 6. Print 
attempts of the exit stage with the MakerBot Replicator 3D printer are shown in Figure 7. 
Results suggested insufficient resolution necessary to create a working AA impactor. 
Preliminary prints by the Formlabs Form 2 and respective CAD renderings are shown in 
Figure 8. Significant improvement in resolution was observed. Assembled prototype is 
presented in Figure 9.  
 
  
 
 
 
 
Figure 6: Original CAD renderings of various impactor components. PM2.5 nozzle 
(top) ; impaction/collection plate (middle) ; exit stage (bottom). 
Figure 7: Exit stage printed by MakerBot Replicator. 
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Figure 8: PM2.5 nozzle; collection plate; exit stage printed by Formlabs Form 2 
SLA 3D printer.  
 
Figure 9: PM2.5 AA impactor prototype. 
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Particle Characterization & Impactor Calibration 
Collected NaCl particles deposited on filters from the Sierra 210 Series Cascade Impactor 
are displayed in Figure 10. A set of pertinent NaCl particle deposition data from Boulder, 
CO for the Sierra 210 Series Cascade Impactor is found in Table 1. Stages 1 and 2 are 
highlighted in Table 1 due to their omission from relevant calculations as a result of loss 
of mass and irrelevant size cutoffs. Figure 11 displays the developed calibration curve for 
the Sierra 210 Series Cascade Impactor. The vertical lines reflect MMAD for each 
concentration of NaCl. Sharpest cutoffs were observed for 40 g/L NaCl solutions. 
Collected NaCl particles deposited on a fabricated impaction plate are displayed in Figure 
12. NaCl deposition data sets for the fabricated impactor are shown in Table 2. Trials 
were distinguished by color. Comparing the data found in Table 1, the fabricated 
impactor’s average cumulative mass percentage for the designed stage differed by 
16.87% from the expected value that would have been observed given congruent size 
cutoff to the Sierra 210 Series Cascade Impactor.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: NaCl particle deposition on filters of Sierra 210 Series Cascade Impactor.   
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Stage	#	
Size	
cutoff	
(μm)	
Filter	Weight	
Pre	(g)	
Filter	Weight	
Post	(g)	
Mass	
Difference	
(g)	
Cumulative	
Mass%	
1	 18	 0.1147	 0.1145	 -0.0002	 0	
2	 11	 0.1154	 0.1149	 -0.0005	 0	
3	 4.4	 0.1184	 0.1191	 0.0007	 2.42	
4	 2.65	 0.1116	 0.1157	 0.0041	 16.61	
5	 1.7	 0.1136	 0.1198	 0.0062	 38.06	
6	 0.95	 0.1176	 0.1271	 0.0095	 70.93	
7	 0.53	 0.116	 0.1224	 0.0064	 93.08	
8	 0.32	 0.1165	 0.1185	 0.002	 100	
 
 
 
Table 1: AA particle deposition from 40 g/L NaCl solution for respective stages of Sierra 210 
Series Cascade Impactor. Yellow indicates omission from relevant calculations. 
Figure 11: NaCl Calibration curve for Sierra 210 Series Cascade Impactor. Vertical lines 
reflect mass median aerodynamic diameter (MMAD) for given concentration.   
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Stage		
#	
Weight	Pre		
(g)	
Weight	Post		
(g)	
Mass	Difference	
(g)	
Cumulative	
Mass%	
1	 4.2003	 4.201	 0.0007	 13.21	
1	 4.4621	 4.463	 0.0009	 14.75	
1	 4.4563	 4.457	 0.0007	 13.46	
	 	 	
Stage	1	Avg.	 13.81	
Final	 0.15	 0.1546	 0.0046	 100	
Final	 0.152	 0.1572	 0.0052	 100	
Final		 0.149	 0.1535	 0.0045	 100	
Figure 12: NaCl deposition on fabricated impactor stage. 
Table 2: AA particle deposition from a 40 g/L NaCl solution for fabricated impactor stage. 
Average cumulative mass percent differed by 16.87% from Sierra 210 Series Cascade 
Impactor. Trials distinguished by color. 
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DISCUSSION 
Impactor Design & Fabrication 
Maximum resolution of the MakerBot Replicator 3D printer proved to be inadequate for 
the fabrication of a functional AA impactor. Although maximum resolution of the 
MakerBot Replicator is not suitable for the fabrication of a functional AA impactor, 
unsuccessful preliminary prints can also be attributed to inexperience and lack of proper 
3D printing training. Although subsequent prints with the Replicator offered significant 
improvements, maximum resolution remained a limiting factor for functionality of prints.  
A combination of increased 3D printing experience and a more advanced 3D 
printer offered significant improvements in overall print quality. Subsequent fabrication 
attempts with the Formlabs Form 2 SLA 3D printer proved significantly more successful. 
The resolution of 25 µm, achievable by the Form 2, is adequate for the demands of an AA 
impactor. 
 
Particle Characterization & Impactor Calibration 
Achieving consistent flow rates necessary for accurate particle collection proved 
challenging. Pump strength was an unpredicted obstacle both at the University of 
Colorado, and at Concordia University, Portland. The removal of 2 stages with irrelevant 
size cutoffs proved advantageous for meeting the mandatory flow requirement of 7 L/min 
by reducing unnecessary resistance.  
 Although an identical experimental setup was utilized, significant struggles 
hindered suitable data collection at Concordia University. Trials conducted in Portland 
frequently resulted in a loss of mass across all stages of the Sierra 210 Series Impactor, 
despite visible particle deposition. We hypothesized that perhaps the filter paper was not 
adequately desiccated prior to being weighed and inserted in the impactor and thus 
subsequently dried further upon exposure to the significant flow of nitrogen gas required 
for AA collection. This hypothesis was tested by eliminating NaCl particles from 
treatment and observing filter paper pre and post weights following a 30 min exposure to 
a 7 L/min flow of nitrogen gas. Results supported the hypothesis, however, the issue 
could not be rectified. For future testing, it is suggested that Teflon filter paper be used to 
avoid water absorption due to its hydrophobic qualities.  
 In addition to inadequate desiccation, increased humidity of Portland, OR 
compared to Boulder, CO created issues with data replication. Via microbalance, increase 
in mass was observed in real time due to absorption of water from the air. This not only 
further supports the use of Teflon filter paper, but also calls for the usage of particles 
other than NaCl, preferentially decreasing affinity for water molecules.  
 Comparison of cumulative mass percentages of the Sierra 210 Series Cascade 
Impactor with the fabricated impactor prototype across relevant size cutoffs revealed a 
difference of 16.87%, suggesting that further design modifications are necessary to create 
a fabricated functional PM2.5 AA impactor. Although preliminary data collection is 
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promising, significant data collection is required to reduce error. Although the results 
following preliminary testing do not support successful fabrication of a PM2.5 AA 
impactor, the observed separation of particles suggest the successful fabrication of an AA 
impactor. If a specific cutoff of 2.5 µm is desired, continued testing and design 
modification is required. However, further data collection may elucidate the current 
precise size cutoff of the current design, resulting in an AA impactor with a specific 
cutoff deviating from the original target of 2.5 µm. The evidence outlined in this study 
suggests that a functional AA impactor can successfully be fabricated via 3D printing.   
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3D PRINTING EDUCATION 
 
Step-by-step instructions outlined in lesson format were created to aid in replication and 
education of CAD techniques. The employment of personally developed lesson plans 
aimed to assist in the education of 3D printing techniques proved to be effective. STEM 
education of elementary school students was successful upon implementation of both 
lesson plans (see Appendix A).  
Fabrication of an atmospheric aerosol particle impactor using a Formlabs Form 
2 SLA 3D printer offers specifications necessary for the successful fabrication of the 
designed impactor, and an introduction to aerosol science. Design and production of a 
Lego using a Formlabs Form 2 SLA 3D printer offers a more simplistic application of 
CAD techniques for preliminary 3D printing education.  
Detailed instructions outlining methodology for the CAD renderings of the 
designed impactor found in Appendix B showed significant efficacy of education of 
principle techniques for an undergraduate student. Following preliminary education and 
training, the student has further developed CAD and 3D printing capabilities, and has 
been able to apply learned techniques to personal research.  
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APPENDIX A 
 
Fabrication of an atmospheric aerosol particle impactor using a 
Formlabs Form 2 SLA 3D printer 
 
Stefan J. Vincent1, Shawn Daley2 and Matthew E. Wise1  
1Math and Science Department, Concordia University, Portland, OR 
2College of Education, Concordia University, Portland, OR 
 
Lessons/Concepts 
Introduction to atmospheric aerosol particle sampling, computer assisted design (CAD), 
3D printing, economical aerosol impactor design and fabrication  
 
Background 
 
Atmospheric aerosol (AA) particles are defined as solid or liquid particles 
suspended in the air. Scientists and the United States Environmental Protection Agency 
are concerned about AA particles smaller than 10µm (1x10-5 meters) in diameter. This 
size classification of AA particles (termed PM10) has the ability to bypass the body’s 
upper respiratory system which functions as a filter for harmful substances entering the 
lungs24, 25. Epidemiologic studies find that low birth weight is correlated with AA 
particles less than 2.5µm in diameter (PM2.5) 24. Recently, unsafe levels of arsenic and 
cadmium have been reported in AA particles near a glass blowing facility in Portland, 
OR. Therefore, the citizens of Portland have raised significant questions concerning the 
chemical composition and amount of potentially harmful AA particles being released into 
the environment. The ability to determine the composition and concentration of harmful 
AA particles is critical to ensure acceptable public air quality. This is the impetus for the 
project described. 
 Typically, stationary monitoring stations located at ground-based sites are utilized 
to collect AA particles onto filters. The collected AA particles can then be analyzed for 
chemical composition via a suite of analytical techniques. This method is very useful, but 
AA particles in many geographical areas are uncharacterized due to the lack of 
monitoring stations. Therefore, stationary monitoring stations provide important data 
concerning harmful AA particle levels in local areas, but they may not be able to pinpoint 
all unsafe emission sources. One solution to this problem is to utilize a mobile AA 
particle collection system. Our idea is to use a relatively inexpensive civilian unmanned 
aerial vehicle (UAV) to sample AA particles near previously uncharacterized emission 
sources. 
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 A piece of equipment used to collect AA particles onto filters is called an aerosol 
impactor. Aerosol impactors are extremely versatile because they can be designed to 
collect a single or many different AA particle sizes simultaneously. A schematic diagram 
of an aerosol impactor is shown in in Figure 1. A vacuum pump is attached to the exit 
stage of the impactor, which draws particles through it at flow-rates ranging from 1- 10 
liters per minute. After AA particles enter the impactor, larger AA particles unable to 
follow the air stream through the impactor can collide into a collection plate (containing a 
filter), while smaller AA particles are entrained in the air stream flowing around it. The 
smaller AA particles will continue through the impactor into the next impaction stage. 
The larger of the AA particles can be collected on a second collection plate, while smaller 
ones can flow around it. Additional collection stages can be added to separate the AA 
particles into a number of desired size bins. The dimensions (i.e., inlet width, inlet length 
and inlet to collection plate length) of each sampling stage are precisely fabricated to 
collect specific sizes of AA particles on the filters. The AA particles gathered on the 
various collection plates can be 
analyzed offline for composition.  
An aerosol impactor is a precise 
and versatile instrument used to sample 
selected size ranges of AA particles 
Therefore, it isn’t surprising that it can 
be very expensive. In addition to the 
relatively high price, commercial 
aerosol impactors are made of stainless 
steel. This is not a problem at ground-
based collection sites. However the 
weight of stainless steel poses a 
problem if it were to be attached to a 
UAV. The weight restrictions imposed 
on civilian UAVs make it difficult to 
accommodate a commercial stainless 
steel impactor and a vacuum pump.  
 Advancements in 3D printing 
technology, like that used by the 
Formlabs Form 2 SLA printer, allow a 
feasible method of precise instrument 
fabrication. One advantage 3D printing 
has over other fabrication methods is 
the ability to produce lightweight, 
functional instrument prototypes. 
Additionally, if mistakes are made on 
 
 
Figure 1: Schematic diagram of a particle impactor.  
The numbered parts refer to the parts described in the 
“Lesson plan” section. 
Impaction 
plate (3) 
Impaction 
plate 
AA particles 
Impaction 
plate 
Stage 
1 (2) 
Stage 
2 
Exit 
stage 
(5) Vacuum pump 
Filter 
support 
screen (4) 
Filter 
Entrance 
stage (1) 
Stage 
3 
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the initial prototype, changes to the design can be made quickly and relatively 
inexpensively. 3D printing technology could prove to be extremely useful in the field of 
AA particle sampling. Specifically, a lightweight impactor could be attached to a UAV, 
resulting in a more mobile and versatile method of AA particle collection. To our 
knowledge, the proposed project is the first to develop a low-cost, digitally fabricated 
aerosol impactor to study AA particles on a civilian UAV platform.  
 
 
Introduction to student project 
 
Our research group at Concordia University desires to sample AA particles at 
close proximity to their source. Concordia University currently owns a civilian UAV that 
can fly close to AA particle sources. However, if we utilize the UAV to sample AA 
particles we have two challenges. First, we cannot afford a commercially manufactured 
stainless steel impactor, which would be used to sample AA particles from the UAV. 
Even if we were able to purchase one, our UAV would not be able to handle the weight 
of the impactor. To overcome this, we are confident that the latest technology in 3D 
instrument fabrication (the Formlabs Form 2 SLA 3D printer) can be used to fabricate a 
lightweight aerosol impactor that could be utilized to collect AA particles on a mobile 
platform. 
Your team has been hired to design and produce a lightweight aerosol impactor using 
the Formlabs Form 2 SLA 3D printer. Although aerosol impactors commonly have 
multiple stages used to collect different particle sizes, your team has been asked to 
produce a working aerosol impactor capable of collecting PM2.5 (particulate matter ≤ 2.5 
µm in diameter).  
 
 
Detailed Instructor/Student Notes 
 
The steps listed below are very detailed, working through the aerosol impactor design 
process step-by-step. Closely following the steps provided will increase student success. 
The design project can be tailored to virtually any experience level. More or less 
information concerning the design and development process can be given based on the 
capabilities of students and their respective courses. If a course is more advanced, and its 
students have demonstrated proficiency using a CAD program, they can be given less 
information in order to foster problem solving and creativity. On the other end of the 
spectrum, if students are new to the process of using a CAD program to design and 
ultimately fabricate a piece of equipment, they may be given instructional material 
similar to the in-depth instructions given below. It is suggested that this project be broken 
up into several class periods. Ideally students will be able to complete 1-2 pieces of the 
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particle impactor per 1-hour class period. Proficiency should increase following the 
completion of one impactor piece.  
 
For this assignment, a computer will be needed that can run a Computer Assisted 
Design (CAD) program. The program used for the instructions listed below is Autodesk 
AutoCAD 2016. This program is available as a free download at 
http://www.autodesk.com/education/free-software/autocad. 
 
To fabricate a 2.5 µm particle impactor, 6 different pieces are needed. These pieces are 
labelled in Figure 1 and include: 
 
1. Entrance stage- must have an attachment for inlet tubing, be able to attach to a 
PM2.5 stage, and have two holes for bolts to pass through to hold all of the pieces 
together.  
2. PM2.5 stage- must be fabricated to the exact specifications provided, be able to 
attach to the entrance stage, and be able to accept an impaction plate. 
3. *Impaction plate- must be able to attach to the PM2.5 stage and accept the exit 
stage. 
4. **Filter support screen- must be able to sit on a ridge in the exit stage  
5. Exit stage- must be able to attach to the impaction plate, must have a ridge for the 
filter support screen to rest on, must have an attachment that can accept tubing 
that will be attached to the vacuum pump, and have two holes for bolts to pass 
through to hold the different pieces together. 
6. ***Bolt & nut (x2)- must be able to fit through the holes on both the entrance 
and exit pieces in order to connect each piece together. 
*Due to time constraints, the impaction plate will not be developed for this project. 
Primary concern lies with the inlet/outlets, and the PM2.5 stage. 
**A filter support screen is an optional portion of this project—a stainless steel support 
screen can be purchased for convenience (diameter = 47 mm, thickness= .53 mm) or 
fabrication can be attempted. 
***Bolts and nuts are also optional for this project. They can be purchased at a 
hardware store for convenience (length = 45 mm, diameter = 4.5-5.8 mm) or fabrication 
can be attempted. 
 
In addition to the pieces listed above, rubber o-rings (inner diameter = 50.8 mm; outer 
diameter = 53.975 mm; thickness = 1.5875 mm) have to be placed in between each piece 
in order to create an adequate seal. The bolts will assist with this seal by clamping the 
pieces together. In addition to the o-rings, 47-mm filter paper will be need to be placed on 
the impaction plate for collection after the pieces are fabricated. An additional filter is 
needed to cover the filter support screen on the exit stage. 
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Objective 1: Exit Stage (~1-2 hours/class periods) 
 
“à” Denotes ENTER and/or continuation to next step. 
 
1. Open AutoCAD à Select “CREATE” in top left corner à “New” à acad3D.dwt 
2. For ease of comparison, it is suggested that the student selects the view “SW 
Isometric” (This is the view from which pictures are provided for comparison at 
various points in the design process). This can be done by selecting “View” in the top 
menu bar à “3D Views” à “SW Isometric” 
3. Now that the views are the same, it is important to make sure that the students are 
operating using the proper units. This can be done by selecting “AutoCAD 2016” in 
the top menu bar à “Preferences” à “Units & Guides”à the units that should be 
used are millimeters. Once this has been selected, the students may select “OK” to 
return to the initial screen. Since the units are set, various dimensions given will be 
seemingly unit-less although they are ultimately all millimeter values. 
4. Now it is time to begin building the first piece of the aerosol impactor. In order for 
the students to begin to see how things will fit together, the first piece that will be 
built is the exit stage. The exit stage is one of the more difficult pieces to construct, 
and will be a good example of how to perform a large number of commands. The 
instructions will be very detailed at the first, but will become slightly less 
descriptive/informative as progression occurs, ultimately becoming almost entirely 
quantitative with the exceptions of key conceptual pieces of the design. 
5. If at any point the students make a mistake and need to restart a certain step, the 
“UNDO” button can be selected to revert to what was present before the last 
command entered.  
6. The pieces of the aerosol impactor are relatively circular. The students will begin with 
building the shape of the exit stage, which will be used again to construct the entrance 
stage. 
7. Commands allow the students to modify and create various shapes. Commands can 
be performed by typing them on the keyboard and hitting “ENTER”. The first 
command that will be used is called an ellipse. 
8. Type “ELLIPSE” à it is now asking for the endpoint of the ellipse. Enter “0,0” à it 
should now ask for the SHORT DIAMETER of the ellipse. This should be extended 
along the Y-axis found on the screen to a length of “60” (it may be helpful to simply 
enter 60 with your keyboard rather than drag the mouse). The terms “diameter” and 
“radius” will both be used frequently. Be sure to pay close attention to which is being 
requested, or the dimensions will be incorrect.   
9. After setting the short diameter, the students should set the long RADIUS. Notice that 
this time it is asking for the desired dimensions of the RADIUS, which is half of the 
diameter. Enter “37.5” for this value.  
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10. For ease of future steps, it will be helpful to relocate the origin (XYZ axis) to the 
center of the ellipse. This can be done by selecting the XYZ origin, and then moving 
the cursor (mouse) over the little square at its base and then selecting “Move Origin 
Only” à select center of ellipse. The origin should now be located in the center of 
the created ellipse. 
11. The command “EXTRUDE” allows the creation of a 3D model/object from a 2D 
shape. Enter “EXTRUDE” à Select the created ellipse à begin to stretch the shape 
up (the students shouldn’t be able to see the grid system in the shape) and enter “8” 
12. At this point it will be beneficial to change to a different visual style in order to better 
see the future commands. This can be done by selecting “View” from the top menu 
bar à “Visual Styles” à “Wireframe” 
13. Now the holes for the two bolts need to be made. Enter “CIRCLE” à it should ask 
to select the center. The students will need to follow the X-axis along the long radius 
of the ellipse and submit “33” when locked on to the proper line (once the cursor is 
on the + with the green circle around it, the students should be able to follow a line 
that is produced from the center) à enter “3.1” for the radius à Repeat the same 
process again, but make the circle on the other side this time.  
14. Each of the circles made must to be extruded into the 3D ellipse. “EXTRUDE” à 
select both circles à stretch INTO the 3D ellipse and enter “8.5” 
15. The command “SUBTRACT” allows students to erase pieces that have been made 
from the larger pieces present. This command will be used quite often. It is critical 
that the given order of subtraction is 
followed, or else the desired product 
will not be created.  
16. The students can now make the holes 
for the bolts by using the 
“SUBTRACT” command. 
“SUBTRACT” à  it should ask to 
“select objects” (this will happen 
twice within the command). The first 
time is asking what the students 
would like to subtract FROM. Select 
only the 3D ellipse à now select both of the cylinders that were just made. (Note: 
after enter is hit enter, changes may not be noticeable.) Figure 2 shows the 3D ellipse 
with bolt holes. The students can check to see if it worked by going and changing the 
visual style to something other than the wireframe that is currently running. It may be 
helpful to look at it from the top in order to see the holes. After checking, revert back 
to the wireframe visual for ease of future commands. 
17. Next, the ridge for the rubber o-ring that provides the seal between pieces needs to be 
made. Cylinders will be used (they are made the same way from the previous step). It 
Figure 2: Ellipse with bolt holes. 
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will require two. “CIRCLE” à select center (top). It is helpful to move the cursor 
(mouse) to the outer edge of the 3D object you’ve already created and a small green 
circle should surround a + sign in the center. Once this is seen, it can be selected it as 
the center. There are multiple “centers” that the cursor “jumps” to. Make sure to 
select the top oneà enter “25.4” for the radiusà “EXTRUDE” à select new circle 
à stretch INTO 3D ellipse; enter “.78” 
18. “CIRCLE” à select center (top) à enter “27” for the radiusà “EXTRUDE” à  
select new circle à stretch INTO 3D ellipse; enter “.78” 
19. Now the ridge that will hold the filter support screen and filter paper needs to be 
made. To do this, enter “CIRCLE” à select center (top) à enter “23.55” for the 
radius à “EXTRUDE” à  select new circle à stretch INTO 3D ellipse; enter “.60” 
20. A space under this ridge needs to be made to allow for more airflow. The same steps 
will be used to make a different cylinder. “CIRCLE” à select center (top) à enter 
“20” à “EXTRUDE” à select new 
circle à stretch INTO 3D ellipse; 
enter “4” 
21. This is where paying close attention to 
what needs to be subtracted is 
important. Now use “SUBTRACT” to 
make the various ridges actually show 
up on the model (as of now they are 
simply cylinders within a solid). There 
will be two sets of subtractions done. 
“SUBTRACT” à  select ONLY the 
3D ellipse (the outermost border) à 
now select only the cylinder that was 
made for the o-ring with the larger 
diameter (this should be the next 
outermost border after the ellipse that 
was originally selected). à Figure 3 
shows the wireframe of the ellipse 
with the grooves cut into it. Once 
again, the students won’t be able to 
notice much until a switch in visual 
styles has been made (see figure 
4)(Remember to revert back to wireframe when this has been done).  
22. Now subtract the ridges that you made for the support screen, and the space 
underneath it that were made. “SUBTRACT” à select the 3D ellipse (it should look 
like it is now one, combined piece with what was subtracted in the previous step) and 
the other cylinder that was made for the o-ring à now select the ridges that you made 
Figure 3: Ellipse with grooves cut to accommodate 
o-rings and filter holders. 
Figure 4: Ellipse with grooves cut to accommodate 
o-rings and filter holders (conceptual visual style). 
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for the screen and the space underneath à check to see that the subtraction worked 
properly. 
23. The inlet for the vacuum to pull air through needs to be made. Once again, a cylinder 
will be used. “CIRCLE” à  select center (top) à enter “4.25” à  “EXTRUDE” à 
select new circle à stretch INTO the ellipse and enter “16” à Notice that this length 
is twice as tall as the ellipse. This is the beginning of the external attachment for 
tubing from the vacuum pump.  
24. It may be helpful to now switch views so that the “bottom” can be seen well. Use the 
cube in the top right corner to rotate the object (you should be able to see the cylinder 
that was just made sticking out 
from the rest of the piece). For 
sake of simplicity, the side with 
this cylinder sticking out will be 
referred to as the “top”. It is 
easiest to perform the next few 
steps while looking at the object 
from the side. (see figure 5)  
25. The external portion of the cylinder 
needs to be thicker to assure that it 
won’t break, so another, larger 
cylinder needs to be made in 
addition. “CIRCLE” à select the 
top of the cylinder sticking out (in 
the center) à enter “5.7625” à  
“EXTRUDE” à select new circle 
à stretch towards the rest of the 
object and enter “8” à  it should line up perfectly with where the cylinder begins to 
extend from the rest of the object. 
26. The opening can now be made. “SUBTRACT” à select both the OUTER cylinder 
that you just made, and the rest of the object (excluding the smallest diameter, 
INNER cylinder that was made) à now select this small INNER cylinder à the 
students should now be able to see an opening going through the center of the object.  
27. The attachment for the tubing can now be made—this is done by making a cone. 
“CONE” à select center of the circle that was just subtracted (at the “top”) and enter 
“6” for the bottom radius à “TOP” à  enter “4.25” for the top radius à enter “8” 
for the height. 
28. This cone now needs an opening to allow airflow. “CIRCLE” à select the center on 
top of the cone à enter “4.25” for the radius à “EXTRUDE” à select new circle 
à stretch towards the rest of the object and enter “24” 
Figure 5: Side view of ellipse with attached inlet. 
Figure 6: Side view of ellipse with attached thicker 
inlet. 
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29. “SUBTRACT” à select the outer portion of the cone, and the rest of the object 
(excluding the cylinder just made in the center) à now select this cylinder in the 
center à the students should now 
be able to change visual styles and 
see a hole through the center of the 
whole object (rotating may be 
necessary). Figure 7 shows an 
image of the completed exit stage. 
30. To export this file, it must be 
changed to a lithography file (.stl). 
This can be done by entering 
“STLOUT” à  select the 
completed object à Yes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Top view of finished exit stage. 
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Design and production of a Lego using a Formlabs Form 2 SLA 3D 
printer 
 
Stefan J. Vincent1, Shawn Daley2 and Matthew E. Wise1 
1Math and Science Department, Concordia University, Portland, OR 
2College of Education, Concordia University, Portland, OR 
 
Lessons/Concepts 
Computer assisted design (CAD), 3D printing, and economical fabrication 
 
Background/Task 
 
 3D printing has evolved into a very useful tool for everything from modeling to 
producing functional prototypes. Although it is often used in professional settings, the 
technology has become very user-friendly in recent years. This has given people the 
ability to be successful using the technology with minimal education and/or experience.  
  Children become engineers much sooner than they realize. A common activity 
that children all over the world engage in is playing with Legos. Each piece fits together 
precisely, and as soon as construction begins, each kid gets a subtle taste of engineering. 
Unfortunately, though easy to enjoy, Legos are just as easily misplaced. So what do you 
do in the event that you lose one, very important piece to a set? Do you just give up? Do 
you go buy it? Why not make it yourself? Advancements in 3D printing have made it 
possible for something like a Lego to be produced. In this exercise, you are to imagine 
that you have lost a very important piece. Your task is to 3D print one!  
Like many things, there is some work that has to be done to accomplish this. You 
can’t simply press a button and have a printer make whatever you want. There are certain 
steps involved with producing something with a 3D printer. Printers essentially speak a 
foreign language, and require a certain file format to be uploaded from a computer. This 
file is an .stl file, which is made from a computer assisted design (CAD) file. The CAD 
file is really the crucial piece, because it is essentially the blueprint for what is going to 
be printed. Everything must be precise or the print may not be successful. In this exercise, 
you are going to produce the necessary files to successfully 3D print a Lego! 
 
Detailed Instructor/Student Notes 
 
 The first step in 3D printing a Lego is the design. To do this, a computer must be 
used to develop a digital 3D model. For this assignment, a computer will be needed that 
can run a CAD program. The CAD programs used here is Autodesk AutoCAD 2016. 
This program is available as a free download at http://www.autodesk.com/education/free-
software/autocad. 
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Once AutoCAD has been downloaded, you may refer to the detailed instructions found 
below.  
“à” denotes ENTER and/or continuation to the next step.  
*Commands can be typed on the keyboard 
 
1. Open AutoCADàSelect “CREATE” in top left cornerà”NEW”àacad3D.dwt 
2. For ease of comparison, it is suggested that you select the view “SW Isometric” 
(this is view from which pictures are provided for comparison at various points in 
the design process). This can be done by selecting “View” in the top menu 
barà”3D Views”à”SW Isometric” 
3. Now that the views are the same, it is important to make sure that the proper units 
are being used. This can be done by selecting “AutoCAD 2016” in the top menu 
barà”Preferences”à”Units & Guides”àthe units that should be used are 
millimeters. Once this has been selected, select “OK” to return to the initial 
screen. Because the units have been set, various dimensions given will be 
seemingly unit-less although they are all millimeter values. 
4. Now it is time to begin building the Lego. These instructions will be very detailed 
at the beginning, but will slowly become less descriptive as proficiency increases. 
5. If at any point a mistake is made and a step needs to be attempted again, you can 
use the UNDO button to go back to what was present before the last command 
entered. 
6. Commands allow you to create and modify various shapes. Commands can be 
performed by typing them on the keyboard and then hitting “ENTER” (à). The 
first command that will be used is a circle. 
7. Type “CIRCLE”àIt should now ask you to “specify center point of circle. Enter 
“0,0”à It should now ask you to “specify 
radius of circle”. Enter “2.4” 
8. The command “EXTRUDE” allows the 
creation of a 3D model/object from a 2D 
shape. Enter “EXTRUDE”àselect the 
circle that was made in the previous step 
(this can be done by clicking on it)àbegin 
to stretch the circle upwards (you 
shouldn’t be able to see a grid system 
within what should now begin to look like 
a cylinder) and enter “1.6” (See Figure 1). 
9. At this point, it will be beneficial to switch 
to a different visual style. This can be done 
by selecting “View” from the top menu 
barà”Visual Styles”à”Wireframe” 
10. Now that the little nub (the cylinder) for 
the Lego has been made, it is time to make 
the rest of the piece.  
11. Enter “CIRCLE”àselect the center of the 
top face of the cylinder made in the 
previous steps (a green circle should 
 
Figure 1: Extruded cylinder 
 
Figure 2: Larger extruded cylinder 
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appear around a + in the center)àenter “4” for the radius. 
12. “EXTRUDE”àselect circle that was just madeàstretch upwards and enter “9.6” 
for the height (See Figure 2). 
13. Now that the main shape of the Lego has 
been completed, a ridge needs to be made to 
accept another Lego piece. 
“CIRCLE”àselect the center of the top 
face on the long cylinder that was just 
madeàenter “2.4” for the radius. 
14. “EXTRUDE”àselect circle that was just 
madeàstretch DOWN, INTO the rest of the 
Legoàenter “1.6” 
15. Now that the cylinder has been made, we 
need to use a new command to make it actually appear. “SUBTRACT”àselect 
everything EXCEPT the cylinder that was just madeànow select the new 
cylinderà 
16. To check that the subtraction worked properly, it will be beneficial to switch to a 
different visual style. Again, this can be done by selecting “View” from the top 
menu barà”Visual Styles”à”Realistic” 
17. To get a better view of the Lego, use the 
cube in the top right corner of the screen and 
select one of its bottom corners.  
18. You should be able to see a hollow portion 
within the cylinder, if not, use the undo 
button to revert back a view steps and 
attempt it again (See Figure 3). 
19. Now that the Lego is complete, it is time to 
export the file. To export this file, it must be 
changed to a lithography file (.stl). This can 
be done by entering “STLOUT”àSelect completed object, being sure to select 
both the base (rectangle) and the nub (cylinder)à”Yes”. Now save the .stl file 
however you’d like. 
20. 3D printers use programs that are used to prep prints before being sent to the 
printer. The printer being used for this project is a Formlabs Form 2 SLA printer, 
which uses a program called PreForm. Once in PreForm, you can use the top 
menu bar and select “File”à”Open”àSelect the .stl file that was recently saved. 
21. This program is very smart, and can do the work that 
normally makes or breaks the quality of a print. The 
orientation in which something is printed can be 
critical, but luckily you do not have to worry about 
knowing when this is important. By selecting the 
“One-Click Print” button on the left side, it does 
everything for you, orientating it and producing 
necessary supports. After this is done, you should be 
able to “Send to Printer” 
 
 
Figure 4: Finished Lego 
 
Figure 5: One-click print 
button 
 
Figure 3: Subtracted cylinder 
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APPENDIX B 
 
Step-by-step instructions were outlined in lesson format to aid in replication and 
education of CAD techniques. It should be noted that these notes were accompanied by a 
lesson plan introducing both CAD and 3D printing coupled with an introduction to 
aerosol science.  
 
 
Exit Stage (“Objective 1”) 
 
“à” Denotes ENTER and/or continuation to next step. 
 
1. Open AutoCAD à Select “CREATE” in top left corner à “New” à acad3D.dwt 
2. For ease of comparison, it is suggested that the student selects the view “SW 
Isometric” (This is the view from which pictures are provided for comparison at 
various points in the design process). This can be done by selecting “View” in the top 
menu bar à “3D Views” à “SW Isometric” 
3. Now that the views are the same, it is important to make sure students are operating 
using the proper units. This can be done by selecting “AutoCAD 2016” in the top 
menu bar à “Preferences” à “Units & Guides”à the units that should be used are 
millimeters. Once this has been selected, the students may select “OK” to return to 
the initial screen. Since the units are set, various dimensions given will be seemingly 
unit-less although they are ultimately all millimeter values. 
4. Now it is time to begin building the impactor. In order for the students to begin to see 
how the pieces will fit together, the first piece that will be built is the exit stage. The 
exit stage is one of the more difficult pieces to construct, and will be a good example 
of how to perform a large number of commands. The instructions will be very 
detailed at the first, but will become slightly less descriptive/informative as 
progression occurs. 
5. If at any point the students make a mistake and need to restart a certain step, the 
“UNDO” button can be selected to revert to what was present before the last 
command entered.  
6. The pieces of the impactor are relatively circular. The students will begin with 
building the shape of the exit stage, which will be used again to construct the entrance 
stage. 
7. Commands allow the students to modify and create various shapes. Commands can 
be performed by typing them on the keyboard and hitting “ENTER”. The first 
command that will be used is called an ellipse. 
8. Type “ELLIPSE” à it is now asking for the endpoint of the ellipse. Enter “0,0” à it 
should now ask for the SHORT DIAMETER of the ellipse. This should be extended 
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along the Y-axis found on the screen to a length of “60” (it may be helpful to simply 
enter 60 with your keyboard rather than drag the mouse). The terms “diameter” and 
“radius” will both be used frequently. Be sure to pay close attention to which is being 
requested, or the dimensions will be incorrect.   
9. After setting the short diameter, the students should set the long RADIUS. Notice that 
this time it is asking for the desired dimensions of the RADIUS, which is half of the 
diameter. Enter “37.5” for this value.  
10. For ease of future steps, it will be helpful to relocate the origin (XYZ axis) to the 
center of the ellipse. This can be done by selecting the XYZ origin, and then moving 
the cursor (mouse) over the little square at its base and then selecting “Move Origin 
Only” à select center of ellipse. The origin should now be located in the center of 
the created ellipse.  
11. The command “EXTRUDE” allows the creation of a 3D model/object from a 2D 
shape. Enter “EXTRUDE” à Select the created ellipse à begin to stretch the shape 
up (the students shouldn’t be able to see the grid system in the shape) and enter “8”.  
12. At this point it will be beneficial to change to a different visual style in order to better 
see the future commands. This can be done by selecting “View” from the top menu 
bar à “Visual Styles” à “Wireframe”. 
13. Now the holes for the two bolts need to be made.  Enter “CIRCLE” à it should ask 
to select the center. The students will need to follow the X-axis along the long radius 
of the ellipse and submit “33” when locked on to the proper line (once the cursor is 
on the + with the green circle around it, the students should be able to follow a line 
that is produced from the center) à enter “3.1” for the radius à Repeat the same 
process again, but make the circle on the other side.  
14. Each of the circles made must to be extruded into the 3D ellipse. “EXTRUDE” à 
select both circles à stretch INTO the 3D ellipse and enter “8.5” 
15. The command “SUBTRACT” allows students to erase pieces that have been made 
from the larger pieces present. This command will be used often. It is critical that the 
given order of subtraction is followed, or else the desired product will not be created.  
16. The students can now make the holes for the bolts by using the “SUBTRACT” 
command. “SUBTRACT” à  it should ask to “select objects” (this will happen twice 
within the command). The first time is 
asking what the students would like to 
subtract FROM. Select only the 3D 
ellipse à now select both of the 
cylinders that were just made. (Note: 
after enter is hit enter, changes may not 
be noticeable.) Figure 2 shows the 3D 
ellipse with bolt holes. The students can 
check to see if it worked by going and 
  
Figure 1: Ellipse with bolt holes. 
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changing the visual style to something other than the wireframe that is currently 
running. It may be helpful to look at it from the top in order to see the holes. After 
checking, revert back to the wireframe visual for ease of future commands. 
17. Next, the ridge for the rubber o-ring that provides the seal between pieces needs to be 
made. Cylinders will be used (they are made the same way from the previous step). It 
will require two. “CIRCLE” à select center (top). It is helpful to move the cursor 
(mouse) to the outer edge of the 3D object you’ve already created and a small green 
circle should surround a + sign in the center. Once this is seen, it can be selected it as 
the center. There are multiple “centers” that the cursor “jumps” to. Make sure to 
select the top oneà enter “25.4” for the radiusà “EXTRUDE” à select new circle 
à stretch INTO 3D ellipse; enter “.78” 
18. “CIRCLE” à select center (top) à enter “27” for the radiusà “EXTRUDE” à  
select new circle à stretch INTO 3D ellipse; enter “.78” 
19. Now the ridge that will hold the filter support screen and filter paper needs to be 
made. To do this, enter “CIRCLE” à select center (top) à enter “23.55” for the 
radius à “EXTRUDE” à  select new circle à stretch INTO 3D ellipse; enter “.60” 
20. A space under this ridge needs to be made to allow for more airflow. The same steps 
will be used to make a different cylinder. “CIRCLE” à select center (top) à enter 
“20” à “EXTRUDE” à select new circle à stretch INTO 3D ellipse; enter “4” 
21. This is where paying close attention to what needs to be subtracted is important. Use 
“SUBTRACT” to make the various ridges actually show up on the model (as of now 
they are simply cylinders within a 
solid). There will be two sets of 
subtractions done. “SUBTRACT” à  
select ONLY the 3D ellipse (the 
outermost border) à now select only 
the cylinder that was made for the o-
ring with the larger diameter (this 
should be the next outermost border 
after the ellipse that was originally 
selected). à Figure 3 shows the 
wireframe of the ellipse with the 
grooves cut into it. Once again, the 
students won’t be able to notice much 
until a switch in visual styles has been 
made (see Figure 4). Remember to 
revert back to wireframe when this has 
been done.  
22. Now subtract the ridges that you made 
for the support screen, and the space 
Figure 2: Ellipse with grooves cut to accommodate 
o-rings and filter holders. 
Figure 3: Ellipse with grooves cut to accommodate 
o-rings and filter holders (different visual style). 
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underneath it that were made. “SUBTRACT” à select the 3D ellipse (it should look 
like it is now one, combined piece with what was subtracted in the previous step) and 
the other cylinder that was made for the o-ring à now select the ridges that you made 
for the screen and the space underneath à check to see that the subtraction worked 
properly. 
23. The inlet for the vacuum to pull air through needs to be made. Once again, a cylinder 
will be used. “CIRCLE” à  select center (top) à enter “4.25” à  “EXTRUDE” à 
select new circle à stretch INTO the ellipse and enter “16” à Notice that this length 
is twice as tall as the ellipse. This is the beginning of the external attachment for 
tubing from the vacuum pump.  
24. It may be helpful to now switch views so that the “bottom” can be seen well. Use the 
cube in the top right corner to rotate the object (you should be able to see the cylinder 
that was just made sticking out from the rest of the piece). For sake of simplicity, the 
side with this cylinder sticking out 
will be referred to as the “top”. It is 
easiest to perform the next few steps 
while looking at the object from the 
side (Figure 5). 
25. The external portion of the cylinder 
needs to be thicker to assure that it 
won’t break, so another, larger 
cylinder needs to be made in 
addition. “CIRCLE” à select the 
top of the cylinder sticking out (in 
the center) à enter “5.7625” à  
“EXTRUDE” à select new circle 
à stretch towards the rest of the 
object and enter “8” à  it should line 
up perfectly with where the cylinder 
begins to extend from the rest of the object (Figure 6). 
26. The opening can now be made. “SUBTRACT” à select both the OUTER cylinder 
that you just made, and the rest of the object (excluding the smallest diameter, 
INNER cylinder that was made) à now select this small INNER cylinder à the 
students should now be able to see an opening going through the center of the object.  
27. The attachment for the tubing can now be made. This is accomplished by making a 
cone. “CONE” à select center of the circle that was just subtracted (at the “top”) and 
enter “6” for the bottom radius à “TOP” à  enter “4.25” for the top radius à enter 
“8” for the height. 
Figure 4: Side view of ellipse with attached inlet. 
Figure 5: Side view of ellipse with attached thicker 
inlet and cone. 
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28. This cone now needs an opening to allow airflow. “CIRCLE” à select the center on 
top of the cone à enter “4.25” for the radius à “EXTRUDE” à select new circle 
à stretch towards the rest of the object and enter “24” 
29. “SUBTRACT” à select the outer 
portion of the cone, and the rest of the 
object (excluding the cylinder just made 
in the center) à now select this cylinder 
in the center à the students should now 
be able to change visual styles and see a 
hole through the center of the whole 
object (rotating may be necessary). 
Figure 6 shows an image of the 
completed exit stage. 
30. To export this file, it must be changed to a lithography file (.stl). This can be done by 
entering “STLOUT” à  select the completed object à Yes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Top view of the finished exit stage. 
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PM2.5  Stage (“Objective 2”) 
 
1. The students should be operating under the same settings as they were while 
completing objective 1 (refer to steps 1-5 from objective 1 if necessary). 
2. This next piece is arguably the most important to get 100% correct. It must be 
produced to the exact specifications given.  
3. “CIRCLE” à enter “0,0” for origin à enter “30” for radius à  “EXTRUDE” à 
select circle à enter “19.75” for height. 
4. Switch to Wireframe visual style (refer to step 12 from objective 1 if necessary). 
5. Make the ridge for the o-ring that will provide a seal on the bottom. “CIRCLE” à 
select bottom center of cylinder à enter “25.4” for radius à “EXTRUDE” à select 
new circle à stretch up toward rest of cylinder, enter “.78” for height. 
6. “CIRCLE” à select bottom center of 
cylinder à enter “27” for radius à 
“EXTRUDE” à select new circle à 
stretch up toward rest of cylinder, enter 
“.78” for height.  
7. Now make the necessary ridge appear 
by using “SUBTRACT”. 
“SUBTRACT” à select only the 
outermost border (the big cylinder) à 
select only the cylinder with the larger 
radius that you made in the previous step à visual style may be momentarily 
switched to assure correct subtraction. 
8. Due to specifications for “nozzle to plate” distance for a PM2.5 impactor, a space 
needs to be added to assure that proper distance is attained; this will be accomplished 
by creating another cylinder. “CIRCLE” à select bottom center of cylinder à enter 
“23.5” for radius à “EXTRUDE” à select new circle à stretch upward toward rest 
of cylinder, enter “4.15” 
9. Now create the space using 
“SUBTRACT”. “SUBTRACT” à 
select everything EXCEPT the 
cylinder that was just createdà now 
select the remaining cylinder à visual 
style may be momentarily switched to 
assure proper subtraction 
10. A funnel needs to be added now. 
“CONE” à select top center of the 
cylinder (opposite side from previous 
Figure 1: Cylinder with grooves cut to 
accommodate o-rings. 
Figure 2: Cylinder with grooves cut to 
accommodate o-rings, and 4.15 mm subtraction. 
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steps) à enter “23.5” for the first radius à enter “TOP” à stretch INTO the large 
cylinder and enter “1.405” for second radius à enter “8.5” for height. 
11. A ridge for one more o-ring must be made. “CIRCLE” à select top center on the 
side that doesn’t have ridges yet à enter “25.4” for the radius à “EXTRUDE” à 
select new circle à stretch toward rest of object, enter “.78” for the height. 
12. “CIRCLE” à select same center that was just used à enter “27” for radius à 
“EXTRUDE” à select new circle à stretch towards rest of object, enter “.78” for 
height. 
13. Now the ridge and funnel need to be made visible. “SUBTRACT” à select only the 
outermost layer (the big cylinder) à select the larger diameter cylinder that was just 
made à “SUBTRACT” à select everything EXCEPT the cone that was made à 
select cone à visual style may be momentarily switched to assure proper subtraction. 
14. For the final step it may be helpful to view the object from the side (in Wireframe). 
The nozzle needs to be made now. 
The nozzle will span from the 
bottom of the cone that was just 
made, to the opening on the bottom. 
“CIRCLE” à select bottom center 
of cone à enter “1.405” for the 
radius à “EXTRUDE” à select 
new circle à stretch away from the 
cone, enter “7.1” for height à 
“SUBTRACT” à select everything 
EXCEPT the cylinder that was just 
made à select the remaining 
cylinder à visual style may be 
momentarily switched to assure 
proper subtraction.  
15. To export this file, it must be 
changed to a lithography file (.stl). 
This can be done by entering 
“STLOUT” à  select the completed 
object à Yes 
 
 
 
 
 
 
 
 
Figure 3: Finished product, shown in wireframe 
(top), and realistic (bottom) visual styles. 
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Entrance Stage (“Objective 3”) 
 
1. The students should be operating under the same settings as they were while 
completing objectives 1 and 2 (refer to steps 1-5 from objective 1 if necessary). 
2. This piece is very similar to the exit piece, but much simpler.  
3. “ELLIPSE” à enter “0,0” à it should now ask for the SHORT DIAMETER of the 
ellipse. Enter “60” for this value. After setting the short diameter, the students should 
set the long RADIUS. Enter “37.5” for this value. 
4. “EXTRUDE” à select ellipse à stretch up and enter “8” for the height 
5. The holes for the two bolts need to be made. “CIRCLE” à the students will need to 
follow the X-axis along the long radius of the ellipse and submit “33” when locked on 
to the proper line (once the cursor is on the + with the green circle around it, the 
students should be able to follow a line that is produced from the center) à enter 
“3.1” for the radius à Repeat the same process again, but make the circle on the 
other side this time.  “EXTRUDE” à 
select both circles à stretch INTO the 
3D ellipse and enter “8.5”.  
6. “SUBTRACT” à  Select only the 3D 
ellipse à now select both of the 
cylinders that were just made à visual 
style can be switched momentarily to 
assure proper subtraction.  
7. The ridge for the o-ring that will 
contribute to the seal must be made 
now. “CIRCLE” à select bottom 
center of ellipse à enter “25.4” for radius à “EXTRUDE” à select new circle à 
stretch towards middle of ellipse, enter 
“.78” for height.  
8. “CIRCLE” à select the same center 
that was just used à enter “27” for 
radius à “EXTRUDE” à select new 
circle à stretch towards the middle of 
the ellipse, enter “.78” for height.  
9. The attachment for the inlet can now 
be made. “CIRCLE” à select the 
bottom circle à enter “4.25”for radius 
à “EXTRUDE” à Select the new 
circle à stretch up through the 3D ellipse and enter “16” for the height.  
10. The external portion of the cylinder needs to be thicker to assure that it won’t break, 
so another, larger cylinder needs to be made in addition. “CIRCLE” à select the top 
Figure 2: Ellipse with grooves cut to accommodate 
o-rings, and holes cut to accommodate bolts. 
Figure 1: Ellipse with subtracted holes to 
accommodate bolts. 
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of the cylinder sticking out (in the center) à enter “5.7625” à  “EXTRUDE” à 
select new circle à stretch towards the rest of the object and enter “8” à  it should 
line up perfectly with where the cylinder begins to extend from the rest of the object.  
11. The attachment for the tubing can now be made—this is done by making a cone. 
“CONE” à select center of the circle that was just subtracted (at the “top”) and enter 
“6” for the bottom radius à “TOP” à  
enter “4.25” for the top radius à enter 
“8” for the height. 
12. This cone now needs an opening to 
allow airflow. “CIRCLE” à select the 
center on top of the cone à enter 
“4.25” for the radius à “EXTRUDE” 
à select new circle à stretch towards 
the rest of the object and enter “24” 
13. “SUBTRACT” à select the outer 
portion of the cone, and the rest of the 
object EXCEPT central cylinder that 
was just made à select the central 
cylinder à visual style may be 
switched to assure proper subtraction.  
14. To export this file, it must be changed 
to a lithography file (.stl). This can be 
done by entering “STLOUT” à  select 
the completed object à Yes  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Finished product, shown in wireframe 
(top), and realistic (bottom) visual styles. 
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Collection Plate (“Objective 4”) 
 
1. The students should be operating under the same settings as they were while 
completing objective 1 (refer to steps 1-5 from objective 1 if necessary). 
2. “CIRCLE” à enter “0,0” for origin à enter “30” for radius à  “EXTRUDE” à 
select circle à enter “1.75” for height. 
3. Switch to Wireframe visual style (refer to step 12 from objective 1 if necessary). 
4. Make the ridge for the o-ring that will provide a seal on the bottom. “CIRCLE” à 
select bottom center of cylinder à enter “25.4” for radius à “EXTRUDE” à select 
new circle à stretch up toward rest of cylinder, enter “.78” for height. 
5. “CIRCLE” à select bottom center of cylinder à enter “27” for radius à 
“EXTRUDE” à select new circle à stretch up toward rest of cylinder, enter “.78” 
for height.  
6. Now make the necessary ridge on the 
bottom appear by using 
“SUBTRACT”. “SUBTRACT” à 
select only the outermost border (the 
big cylinder) à select only the 
cylinder with the larger radius that you 
made in the previous step à visual 
style may be momentarily switched to 
assure correct subtraction. 
7. “CIRCLE” à  select top center of 
cylinder à enter “25.4” for radius à “EXTRUDE” à select new circle à stretch 
down toward rest of cylinder, enter “.78” for height. 
8. “CIRCLE” à select top center of cylinder à enter “27” for radius à “EXTRUDE” 
à select new circle à stretch down toward rest of cylinder, enter “.78” for height. 
9. Now make the necessary ridge on the top appear by using “SUBTRACT”. 
“SUBTRACT” à select only the outermost border (the big cylinder) à select only 
the cylinder with the larger radius that you made in the previous step à visual style 
may be momentarily switched to assure 
correct subtraction. 
10.  “CIRCLE” à  select top center of the 
cylinder à highlight cursor over green 
“+” sign in the center, and then follow 
the x-axis towards the right, and enter 
“11” à enter “1” for the radius.  
11. Switch to top view: (from menu bar) 
“View” à “3D Views” à “Top”  
12. Create 5 additional circles in the exact 
Figure 1: Cylinder with grooves cut to 
accommodate o-rings. 
Figure 2: Cylinder with 6 equivalent circles  
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same fashion, at 13.5; 16; 18.5; 21; 23.5.  
13. Switch back to SW Isometric view. “EXTRUDE” à select all 6 circles à stretch 
down towards rest of cylinder and enter “2”. Switch back to top view.  
14. “ARRAY” select all 6 extruded cylinders à select “Polar” à select center of big 
cylinder à at the top of the screen, enter 28 for the “number of items.  
15. “EXPLODE” à select the array à. 
16. This step is very tedious. “SUBTRACT” 
à select the large cylinder and remaining 
ridges à select every extruded cylinder in 
the array à. 
17. To export this file, it must be changed to a 
lithography file (.stl). This can be done by 
entering “STLOUT” à  select the 
completed object à Yes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Cylinder with array of extruded cylinders  
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